Introduction
macrophages, smooth muscle cells (SMC) take up lipoproteins and turn into foam cells [1] . Atherosclerosis yields distinct clinical manifestations such as coronary heart disease (CHD).
Hypertension (HT), a polygenic and multifactorial disorder, induces in time, the structural and functional changes of arteries that thicken and become less compliant, enhancing greatly the risk of atherosclerosis. The underlying pathological defect in HT is due, at least in part, to the endothelial dysfunction [2] .
Fabry's disease, is an X-linked inborn error of glycosphingolipid catabolism due to the genetic defects of the lysosomal hydrolase α-galactosidase A (α-gal A) resulting a lack or dramatic decrease of enzyme activity [3] . Accumulation of globotriaosylceramide (Gb3) in lysosomes occurs mainly in vascular EC and SMC. Transformation of EC into Gb3-loaded cells was shown recently by electron microscopy studies [4] . Expression of EC activation markers (i.e. ICAM-1) in Fabry's disease, suggests that Gb3 may lead to EC injury [5] . In contrast to atherosclerosis where lipid-loaded EC are restricted to the atherosclerotic plaque, in Fabry's disease they are located in all vasculature. In addition to the classical clinical manifestations (angiokeratomas of the skin, pain in the extremities, corneal and lenticular opacities) [6] the progressive Gb3 accumulation with age leads to systemic vasculopathy, cardiac disorders, kidney failure [4, 7, 8, 9] . Although the mechanisms of the formation of lipid loaded-EC in Fabry's disease and atherogenesis may be different, the EC dysfunction is a common feature. On this basis we hypothesize that the polymorphism of the eNOS or ACE genes may be a common feature and participate in the development of coronary disorders in patients with atherosclerosis and severe renal disease in Fabry patients.
The endothelial nitric oxide synthase (eNOS) catalyzes nitric oxide (NO) biosynthesis, the main regulator of the vessel wall [10] . A reduction in basal NO can initiate or contribute to the development of atherosclerosis [11] . It was reported that EC disturbances in essential HT is due to selective abnormalities of NO synthesis, possible a defect in phosphatidylinositol/Ca 2+ signalling pathway [12] . An increased nitrosylation of proteins in blood microvessels of Fabry patients suggests a chronic disturbance of NO pathways [13] . The most investigated eNOS gene polymorphisms are the missense Glu298Asp (G894T) [14] and the 27 bp tandem-repeat (4b/a) [15] . Thus far, there are controversial data whether the eNOS gene polymorphism represents a risk factor for CHD and HT (characterized by EC dysfunction) [14] [15] [16] [17] [18] [19] . We reported that most patients with Fabry's disease carry the polymorphic forms (Glu298Asp and 4b/a) of eNOS gene [20] .
Human angiotensin converting enzyme (ACE) has a significant function in cardiovascular homeostasis [21] . The polymorphism of ACE gene consists in the presence (I) or deletion (D) of a 287 bp within intron 16 [22] . Contradictory data on the association of ACEI/D variant with CHD and HT have been reported [23] [24] [25] . There are no data on the role of ACEI/D polymorphism on vascular disorders occurring in Fabry's disease.
The aim of this study was to analyze comparatively the polymorphism of eNOS and ACE genes with the CHD, HT, and Fabry's disease, disorders that have in common, the endothelial dysfunction. We report here that the eNOS gene polymorphism is associated with the coronary dysfunction in CHD, hypertension and renal disorders in Fabry's disease.
Materials and methods

Subjects
This study included on one hand Romanian subjects (108 CHD, 109 HT, and 102 healthy volunteers) and on the other subjects from France (37 with Fabry's disease and 39 healthy volunteers). All subjects gave the informed consent. The CHD and HT patients (30 to 60 years old) were clinically diagnosed and manifested changes on electrocardiography and echocardiography, as well as alterations in plasma troponin, lactic dehydrogenase, total creatine phosphokinase and cardiac isoenzyme -creatine phosphokinase. Only 15% of the total CHD patients had myocardial infarction. The CHD patients with hypertension were excluded from the study. The HT subjects had elevated systolic (>160 mm Hg) or diastolic (>95 mm Hg) blood pressure, or both, and did not presented coronary disorders. The blood pressure was measured supine. Fabry patients and their corresponding con-trols were from Cochin Port-Royal Hospital, Paris, France. The patients were characterized by the lack or dramatic decrease of the α-gal A enzyme activity and the detection of its gene mutations as previously reported [20] .
Biochemical determinations
Blood was collected after an overnight fast (at least 12 h). Serum total cholesterol (T-Cho), triglycerides (Tg), high-density lipoprotein-cholesterol (HDL-Cho) and glucose were determined by enzymatic methods (employing kits from SGM, Rome, Italy).
DNA polymorphism analysis
Genomic purified DNA extracted from peripheral blood leukocytes was used for genotyping Glu298Asp and 4b/a polymorphisms of eNOS gene (20) and ACEI/D variant [22] . About 15% of the samples were amplified again for checking the accuracy of the results.
Statistical analysis
The significance of biochemical determinations was evaluated by ANOVA test. Results are presented as mean ± SEM or median (range). The genotypes (GG, GT, and TT of eNOSG894T, bb, ba, and aa of eNOS4b/a, and II, ID, and DD of ACEI/D) and the alleles (G and T of eNOSG894T, b and a of eNOS4b/a, and I and D of ACEI/D) were scored and the frequency was estimated. The proportions of the alleles and genotypes between patients and controls were compared with nonparametric tests (χ 2 ; odds ratio, OR; 95% confidence intervals, 95% CI). Statistical p-value (0.05 or less considered as significant) was calculated.
Results
Characterization of patients
The characteristics of the Romanian individuals are summarized in Table 1 . The patients were slightly older than controls. The gender distribution was not significantly different among the Romanian subjects. The mean values of T-Cho, Tg, HDL-Cho, and glucose in CHD and HT were not significantly different from control.
From the 37 subjects clinically diagnosed with Fabry's disease, 28 patients (over 35 years old of age) were hemizygotes, presented classical symptoms of the disease and a dramatic decrease in α-gal A enzyme activity (less than 4 as compared with 41 nmol/h/mg protein, in control). They were carriers 137 J. Cell. Mol. Med. Vol 9, No 1, 2005 Data are expressed as mean ± SEM. Significance (P) was calculated for patients vs. control subjects by ANOVA test, whereas the ratio men/women by χ2 analysis. T-Cho, total cholesterol; Tg, triglyceride; HDL-Cho, cholesterol in high density lipoprotein. of different mutations of the α -gal A gene (50% had missense mutation). About 74% out of Fabry hemizygotes presented renal failure (RF), out of which 4 subjects had kidney or/and heart transplant. The mean age of Fabry patients with RF was ~40 years old and of those without RF was ~50 years old. There are reports showing that in Fabry's disease the peak onset of proteinuria occurs in the fourth decade, whereas the chronic renal insufficiency and endstage renal disease take place in the fifth decade of life (9) . The other 9 subjects were heterozygous females with a mutation of α -gal A gene, or suspected of Fabry's disease without having low activity of the α -gal A enzyme, they were not included in the study. The control from France was age-matched men without clinical vascular disorders. Figures represent the percentage (%) and the number (n) of the subjects; eNOS, endothelial nitric oxide synthase; (*), controls for CHD and HT; in the case of Fabry patients and the corresponding control ( ¶ ) all subjects were men. Table 3 Frequency of angiotensin converting enzyme gene polymorphism in patients with coronary heart disease (CHD), hypertension (HT), Fabry's disease and the corresponding control subjects.
Figures represent the percentage (%) and the number (n) of the subjects; ACE, angiotensin converting enzyme; (*), controls for CHD and HT; ( ¶ ), controls for Fabry's disease.
Frequencies of Alleles and Genotypes
The results of the genotype and allele frequency were presented in Table 2 and 3. The eNOSG894T investigated in CHD patients revealed that the proportion of the T allele (51.9%) and the GT+TT genotypes (79.6%) was higher (P=0.03; OR=1.54; 95%CI=1.31-1.77, and P=0.05; OR=2.13; CI=1.68-2.58, respectively) than in controls (Table 2 ). In HT patients there was a similar distribution of T allele and GT+TT genotypes as in controls (Table 2 ). In the case of Fabry patients, the frequency of the T allele (48%) and GT+TT genotypes (65%) was higher (P=0.01; OR=2.78; 95%CI=1.69-3.87, and P=0.001; OR=2.16; 95%CI=1.13-3.19, respectively) than in the control (Table 2) ; these data are in good agreement and extend our previous report on Fabry's disease [20] .
As shown in Table 2 , the eNOS4b/a examined in CHD patients revealed that the frequency of the a allele (20.4%) and the ba+aa genotypes (38.8%) was higher (P=0.01; OR=2.13; 95%CI=1.72-2.54, and P=0.03; OR=2.32; 95%CI=1.60-3.04, respectively) than in controls. Likewise, in HT, the proportion of the a allele (20.6%) and of the ba+aa genotypes (36.7%) was high (P=0.01; OR=2.17; 95%CI=1.78-2.56, and P=0.02; OR=2.13; 95%CI=1.47-2.79, Table 2 ). In contradistinction, there were no differences in the distribution of eNOS4b/a between Fabry patients and the corresponding control ( Table 2) . Studies of the ACEI/D revealed no significant differences either in the distribution of the D allele or ID+DD genotypes in the CHD, HT and Fabry's disease (Table 3) .
Genetic Association Study
We further analyzed the relationship between eNOS or/and ACE gene polymorphism and the risk factors for atherogenesis or gender. In CHD, HT and the corresponding control, some of the subjects presented high concentrations of the TCho (>260 mg/dl), Tg (>140 mg/dl) and/or glucose (>110 mg/dl), considered as "high risk" factor. Consequently, the subjects in the three groups were divided in "high risk" and "low risk" individuals. The proportion of "low risk" subjects was 43 % in CHD, 49% in HT and 32% in control.
Interestingly, when compared the "low risk" subjects in CHD and control, there was a significant over-representation of the T and a alleles of the eNOS gene among the "low risk" CHD patients. The relative risk was 1.65 (P=0.03; 95%CI=1.23-2.07) for the T allele and 2.13 (P=0.02; 95%CI=1.28-2.98) for the a allele (Fig.1) . These findings suggest that the frequency of mutant alleles of the eNOS gene is associated with the coro- Fig. 1 Relative risk of coronary heart disease (CHD) and hypertension (HT) in correlation with the T allele of eNOSG894T (eNOS 894T), the a allele of eNOS4b/a (eNOS 4a) and the D allele of ACEI/D (ACE 16D) as a function of atherogenic "low risk" (LR) and "high risk" (HR) factors (hypercholesterolemia, hypertriglyceridemia and diabetes mellitus) and gender (G). nary dysfunction. In addition, a significant relationship of the a allele of eNOS4b/a was detected in the case of "high risk" CHD patients when compared to the control (P=0.03; OR=2.14; 95%CI=1.15-3.13).
In hypertensive individuals, the "low-risk" patients presented a similar distribution of the T and a alleles of eNOS gene variants as in control. The a allele of eNOS4b/a appeared to confer a 3.14 fold increased risk (P<0.01) of the occurrence of hypertension in "high risk" patients ( Fig.1) .
Analysis of the distribution of eNOSG894T, eNOS4b/a and ACEI/D variants as a function of gender revealed that, there were more men than women carrying the T allele of eNOSG894T (P=0.03) in both CHD and HT cases. The relative risk was 1.60 (95%CI, 1.18-2.02) in CHD and 2.13 (95%CI, 1.33-2.93) in HT (Fig. 1) . In the case of ACEI/D, only in HT, there were more men carrying the D allele (P=0.03; OR=2.13; 95%CI=1.62-2.64) than women (Fig. 1) .
Comparison between Fabry patients with or without renal failure (RF) indicated that about 74% of the subjects had an associated renal dysfunction. The distribution of the T allele of eNOSG894T was higher (P=0.04) in Fabry patients with RF, as compared with those without RF. The OR was 4.64 (P=0.04; 95%CI, 2.43-6.85) suggesting an increased risk to develop renal disorders in Fabry hemizygotes carrying the T allele of eNOS gene. No significant differences in the distribution of the a allele of eNOS4b/a and D allele of ACEI/D was detected among the Fabry patients with or without RF (Fig.2) .
Discussion
In the present study we examined the association between the frequency of eNOS and ACE gene polymorphisms and CHD, HT and Fabry's disease.
The wild type G allele distribution of eNOSG894T varies greatly in normal Caucasian individuals. In our study, the frequency of this allele was 58.8% in Romanian control subjects. Interestingly, the proportion of the G allele among Fabry patients (from France) was comparable to that of Romanian controls, while in the controls from France this frequency was significantly low. There are controversial reports on the association of eNOS gene variants with CHD and HT in Caucasians [14] [15] [16] [17] [18] [19] . Our data revealed that, as compared to control, both polymorphisms of the eNOS gene were significantly associated with CHD. While the "low risk" CHD patients carried significantly more T and a alleles of eNOS gene as compared with 'low risk" controls, among the CHD patients the proportion of these alleles was comparable in both "low risk" and "high risk" subgroups. These data suggest that eNOS gene polymorphism might be an additional risk factor that contributes to the endothelial dysfunction in coronary disturbances.
In hypertension, the T allele frequency of eNOSG894T was not significantly different from that in controls, a result similar to that previously reported [17] . The a allele proportion of eNOS4b/a was significantly higher, a result that is in line with other report (19) . The wild type b allele frequency of eNOS4b/a in controls was 78.6%; this figure is comparable to those reported [16] for Australia (72.3 %).
The data on ACEI/D polymorphism reported for CHD and HT are controversial [23] [24] [25] ; our results are in line with those studies that found no correlation between this polymorphism and the respective diseases [23, 24] . Analysis of the eNOS and ACE gene polymorphisms as a function of gender indicated that among individuals with CHD or HT the frequency of the T allele of eNOSG894T and the D allele of ACEI/D is significantly higher in men than in women; these results corroborate well with other reports [26, 27] .
In the case of the Fabry's disease, we have found a significant association of eNOSG894T polymorphism with this affliction. The results obtained on a large number of Fabry hemizygotes confirm and extend our previous findings [20] . Unexpectedly, most of the Fabry hemizygotes with RF are carriers of the T allele of eNOSG894T. The association of this polymorphism with a faster renal decline was reported in men with autosomal dominant polycystic kidney disease where the eNOS gene polymorphism has a modifier effect [28] . In Fabry's disease the renal complications were related to the type of mutation of alpha-gal A gene and residual enzyme activity [9] . In our study, ~50% of Fabry hemizygotes with RF present missense mutation of the gene. We can safely assume that in Fabry's disease, a monogenic disease, the associated eNOSG894T polymorphism enhances the effect of the alpha-Gal A gene, and generates EC dysfunction resulting vascular disorders.
Since ACE polymorphism is particularly relevant for the renal disorders [24] we studied the ACEI/D variant, to find out whether there is an increase frequency of the D allele in Fabry patients with RF. Unexpectedly, no significant correlation was found. From all Fabry patients genotyped for the three polymorphisms about 63% carried two polymorphisms, particularly eNOSG894T and ACEI/D variants (data not shown).
Taken together, these data show that the ACEI/D gene polymorphism is associated with hypertension in man, only. The frequency of eNOS gene polymorphism is associated with CHD, HT and Fabry's disease, disorders that have in common the endothelial dysfunction. The eNOS gene polymorphism may act as an additional risk factor in the development of major vascular complications characteristic for these afflictions.
